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i - Obesity-Related Eating Behaviors 
ii - Dietary Energy Density 
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i- Tehran Lipid and Glucose Study 
ii - Nested Case-Control 

 ������  $�M*� �% ,)�  $� �� )J< ��� ��
>)9�Y ����� ��

�% 9���5 ���
>(H�� I<�$� ���T
< �<&)�)= �!C� . $� ��


��� ��!<�$� ����� ��)J.�$01. ��3 ��&�M l�!Y� �� ���

���� �" ������ w��^ �� )J< �" ��<
)	3� Z3�" ��3 )	4 �

�� f��� #�^��" )�)*d���(��dR ��� �J;�K� ����

)�)=.���� �3 ���<*#�
� �� �����. ,��� �< D�!	"

)���C� �!C� ���T
<  $� �< �" �������s�t!��)$��> .D�!	" �3

  Y �`� �� �3���� �<)*±D�Y(��
6
% ,)� D�m � e	W �

#��T3 )�)= .

b$��J.
?�� �3:

�	C� �< I<�$�8<�$�  Tg�� b$�J. �7$��� IADAiii ��

D�Y&XX* <� � $)$��> b$�J. ���> :�!=�� #�^ )	4 ≤�&a 

#�^ )	4 �&�!(�Y�≤&XX ��
� �� 9�>_�
� )� �!
;.�R 

�< �" �$�0/ ���� �?��� �;�65,��� �?��� ��)-�

 �0/ #�� )��� �� ��W��)9�> �< 8�;�B��
B(�� b$�J. -

���>.d

I��$��01. ��3�$��

��I��$ 3��ZY�% �� 
���!Y� �< ����� D�TJ� �$�0/ ����

T
� y���^ )���< ��$�% � ���PP_TB �ivFFQ ATW 8��n

��>$).�O IB�= �� f��� )���< �. )= �!Y��^ #�>)		B

�0/ ���� �� :�4 �3 ���� �� �� ��^$ZY�% _D�m �� ����

 
�� ��!�3 ���� r�� �< �!=0> D�Y$�T� S��'> D�Y �$)	.

> )���< �$��-� l�Y� �< �B �$�0/ :�4 �3 ���< 
)= S��'

���T
% U$)C. 9�> r�� �< ������ I��$�� �< ���< �6��^ ��3

)$��> .�`� �� ����$� ,�C
"�. D�)W #��C� U��" �< �W�. �<

�01�'$� � �$�0/ 9�4� ��)J.�$'g. ���< �3 9�4� �!2
< �

�� ��!��$�� �01� ���� � �?��� �`� �� �$�0/ ,�C
"�. D�)W

 �$�0/USDAv)$��> 
���!Y� .�C
"�. ��3�0/ ���<))	���

�'!
%(�$�0/ 9�4� �01� ���� ATW l�Y� �< �01� ���� �


72.U
)	3�)= �CY��� �0/ #n �.�$�0/ ���� �?��� �;�65

 �< �",��� �0/ #�� )��� �� ��W�� �?��� ��)-�

)9�> �< 8�;�B��
B(�l�Y��< �$� D���� �� �CY������> .

I��$�� H�Tg�)��� �� 9�> (��)
=�� � v$�;�" ��3

 v$�;�"�
/)��5 (�� 
��� ���4 �CY��� �� sn 'W �<)��=.d

∑
∑

=

== n

t t

n

t t

Quantity

Energy
DED

1

1

iii - American Diabetes Association 
iv - Food Frequency Questionnaire 
v - United State Department of Agriculture 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
25

-1
2-

18
 ]

 

                             2 / 11

https://ijem.sbmu.ac.ir/article-1-1778-en.html


*�� ��
 ����� ��� �  �!"# ��$� �$�
! %&�'() %
�*+,! %-./0 �1��.2 �3!��4��

�< #���	
TB �����. �� 
���!Y� �< Z�" #�)< � Z=�%

 
��)�� �� �;�!
g$��XX 
��)�� 9�> )= IC[ � ��
> .)4

�< ���PP�� �� 
��!�$� I
Jq� �� ����P� �!P� �� 
���!Y�

b!" �" �;�� �� Z�" #�)< � ���$� ��	" ���( o$��= �� �3

 
��)�� �� )���� ���4��!��Y 
��)�� �!� )= ��
> .�$�T� 8


��. 8#)<i#�� :
�-. ��)9�>��
" �< ()4 ��0g� �< )�<

A<���!� ()$��> �CY��� .� 
���!Y� �< ��)< I
;�J� �

ZY�% ���� U��= ��_!Y��� I
;�J� �������� D�TJ� ��3 �

#n ���< �!�3 �3 �� 
)= f�� #��� � ������� ��>)��

 �m �I
;�J��&)$��> �<�$��� ��!=0> 
�� .I
;�J� zKY

 #�
< �!�3 �� �-
4� �� u
;�<�!� D��J� ,��� �< ��)<

)$��> .ZY�% ���< �C�� �$��� � V�< �$�$�% W�. ���� �T

�Y��� �< 
)=iiMAQ  >�'< ���)= S��'> �����. #V�.&X 

�Y��<�3�62$���n ��3 

9�T. �� JW����#�>)		B �� e%�Qj�&#��< �!=�� I(�Y

I(�Y  
< �3�Ojd�>�3�
Y #�^ ���T� u$ zC� �<


��)�� ��`	� 'B��> 8�
>)$��> 0^� .���T� #�^ ��3�X

I(�Y �< �-
4�*XXX �Y �-
4� �� ��� � 
)= ?�
�$�!�


��)�� �'$V��n�.� 
�6!Y� �� 
���!Y� �< ��� #�T3 �� ��
>

 ��!@�Y&9�g��)=.#�^ )	4&oY�. �!=�� '"��> � �!(�Y

{�� g	Y���)
�"� '"��> S�� �� 
���!Y� �< � �T$'�n


��)�� ��
>)$��>.)	4 #���n #��< � #��� r$�q ,��

1.

 �!=�� #�^&/&%)�n IY� �<.

����n '
;��n 


��� ����n U
��. � �$'g.9�� oY�. �3 ��'��SPSS 

�t�� ��O)= 9�g��.���� ,�J;�K� �� PIC�� �)3�=

 ���� �< )3�= ����� ��)J.��)���. )=�< ,���!���� �5�>�

 IC�� ,�J;�K� �!2
<�:��$&:�|��; ����= .�C�� ,�)4 

(relative power) � ����n ��3'
;��n ,�J;�K� ���6	$� �

��)J. �< �!�<�� ����� IY� ���� ��� �3 ���� �< )3�= 
��>

��)J. Z$�'�� �< �B 
)= 
��� #�2� ������ �< )3�= 
��>

 Z$�'�� �C�� ,�)4 ����� ��� �3 ������)<�$ .�< �W�. �<

��)J. k�!C�� :B����� ��`	� �< � �J;�K�  $� �� ���� 
��>

��'�C�� ,�)4 Z$� )3�= ����� ��)J. �*��� �3 ���� �< ���

IY� 
)= �!��> ���� 
��>.&� �!��$ �3 
6��
� ,��� �<±

i -Body Mass Index 
ii - Modifiable Activity Questionnaire 


)= S��'> ��
J� f�����)�� .���< �-Cm �)	< I"�= -

#�>)		" }��5 �� �;�65 �?��� :$?� �$�0/ 
���!Y� )= .

U-!�� �
1!�)DED (�-Cm � �!Y�
% ��3�
1!� ���< �)	<

. }��5 �< 
)=�T3 � )=  

J�D)��3�<���`�  !��> 

�;�65 :$?� �?��� �$�0/ �� }��5�3��	C� ���4 #��� 

�% 
$  $�. }��5 9�g�� )�)= .I"�= ,���. �� #�>)		"

_>�$� 8�3 �� ��" }��5 #�
���3 �;�65 �?��� :$?� �$�0/

 #���n �<����n � �T" ��3�
1!� ���<X2��3�
1!� ���<

 �< �!Y�
%)$��> #�
< #��� � #���� �� v
7�. .�� ,���.

I��$��I=�� ��3�01�
��> � �3 #���n �< �$�0/ ��3

����n I��> 9�g�� .H�� I<�$� �K^ #�
� i�C.��&}��5 �-

U$)J. v
!�g; #�
Y�>� �� 
���!Y� �< �?��� b�!t� ��3

)= 9�g�� 
)= .�< i�C.��  $�Q���4 �Y��< ���� D)�

I��> .��#���� � #��� �� #���n e	W v
7�. �< 9�^ D)�

)= 9�g�� .D�� D)� �� ��TW �� I<�$� �K^ U���( ���<

�-<�Y 8I<�$� �>�����^)�
^ ���<(��6
Y D�TJ!Y� �)���<

�
^(�BMI )= 9�g�� D�!	" ��)< I
;�J� �.�� ��)< I
;�J�

Q:
�-. }��5)= �)	< .� �!T" ��)< I
;�J� �$�)!<� }��5 �

aXX D��J� �7
;�<�!� I
;�J� 9�� }��5 ��!�3 �� �-
4� ��

  
< ��)<*XXXjaXX D��J� �7
;�<�!� ��!�3 �� �-
4� ��

 �� �!2
< ��)< I
;�J� 9�Y }��5*XXX D��J� �7
;�<�!� ��

�!�3 �� �-
4� 
��� 9���5 }��5 ��� �!�� IY� �� ��3 -

)=�< .D)� ��9�� U���( �< 
��(��$ ��< 
)= ��;�" �

I��> 9�g�� U$)J. '
� �!��$�� .�<�5 ���< �^n D)� ��

)= 9�g�� U$)J. �!��$�� .< ���< �#���n IY�P���<

}��5���
� �< v
!�g; #�
Y�>� ��$�0/ :$?� �;�65 ��3 �

}��5 �� 9�)" �3< �$�0/ :$?� ��3 �#��	( �< 
)�n IY�

)= 
���!Y� ��T" �
1!�.

�!��$ �3

�;�65 oY�!� �$�0/ :$?� �?���&&/X±OQ/X��;�"��
"

�� 9�> �<)=�<._>�$� 8�3 I"�= #���� � #��� ��" 
)		"

}��5  
< D�)W �� �$�0/ �?��� �;�65 ��3�
��� #�2�

IY� 
)= .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
25

-1
2-

18
 ]

 

                             3 / 11

https://ijem.sbmu.ac.ir/article-1-1778-en.html


��������	
��,��������� ��������� �������	
���
������������
���� *�&

D�)W�j_>�$�8�3y��5 l�Y� �< ����� ��"�3��$�0/ ���� I��$�� �;�65*

�3�
1!�
}��50/ ���� �;�65 ��3�$�

�PPPPPP#���P��PPPPPP#�P

I��$���$�0/ ��3

�

) 
$�% $�.(

R�/X<

&

)OM/XjR�/X(

*

)�&/�jOM/X(

Q

) $�.V�<(

<�&/�

�

) 
$�% $�.(

dd/X<

&

)OX/Xjdd/X(

*

)XQ/�jOX/X(

Q

) $�.V�<(

<XQ/�

��)J.dORXRXRXOQOMOMOM

�$�0/ :$?� �?��� �;�65†

)"��
"��;�/9�>(
XO/X±aO/XXQ/X±RO/XXM/X±XX/��Q/X±&R/�XX�/X<XR/X±aM/XXQ/X±R*/XXQ/X±Oa/X�Q/X±�O/�XX�/X<

 Y)D�Y(��±X/QR�&±X/QQ�&±X/Q*�*±X/Q*X*/X��±X/QM�X±X/Qa��±X/Q&�M±X/*OXX�/X<

I<�$� �>�����^ �-<�Y(%)��RQ�MXR/X�M�Q�d�MOQ/X

�T��$
��. 8#)< �

)9�>��
"/A<���!�(
*±d/&aM±&/&dQ±M/&aM±Q/&aaR/XM±a/&RQ±&/&RM±O/&da±�/&d&Q/X

���6
Y �����(%)‡QaQM*�*M�a/Xa/OQQd*M/X

��)< I
;�J�§

)D��J��7
;�<�!����-
4���

�!�3(

�a�a±RdddO�±adQa&�±QRd�&RX±d�Q&*/X��&X±OX&�&XR±da&Ma&±QRaO*d±aR&XM/X

*
����3�<,��� 
6��
�±f�������
J�
��� 'W �< )	!�3#n �� )��� �" �$�3IY� 
)= �"� �3.†��)
=��  !��> �`� �� �< �$�0/ :$?� �?��� �;�65 ,�CY���< �3�IY� 
)�n IY�.‡� D�TJ!Y� ��6
Y �q�� D�� �� �" �������)		B.

§��)< I
;�J�D��J� ��	C� �<�7
;�<�!����-
4��!�3 ��(MET)

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
25

-1
2-

18
 ]

 

                             4 / 11

https://ijem.sbmu.ac.ir/article-1-1778-en.html


*�* ��
 ����� ��� �  �!"# ��$� �$�
! %&�'() %
�*+,! %-./0 �1��.2�3!��4��

D�)W&j�� ��6;�$I��1!�
�3��y��5 l�Y� �< �$�0/�3��!��$�� �?��� �;�65*

y��5�3��$�0/ ���� �;�65

�PPPPPP#���P��PPPPPP#�P

I��$���$�0/ ��3
�) 
$�% $�.(

R�/X<

&

)OM/XjR�/X(

*

)�&/�jOM/X(

Q)< $�.V�(

<�&/�

�) 
$�% $�.(

dd/X<

&

)OX/Xjdd/X(

*

)XQ/�jOX/X(

Q) $�.V�<(

<XQ/�

�!��$�� �?���

)��;�"��
"/���(
RX�±&**�RaR±&QR&OQX±&MMd�aa±&OaQXX�/X<d�&±�RR*dXX±&�XRRaX±&*MQOM�±&aaMXX�/X<

�<�5 �� �?��� )���M±X/&aa±X/&dM±X/&Rd±X/*XXX�/X<a±X/*Xa±X/*Xd±X/*�O±X/**XX�/X<

 
E.��% �� �?��� )���*±M/�Q*±*/�*&±M/�Q*±Q/�QOM/X*±a/�Q*±*/�Q*±Q/�QQ±Q/�QRa/X

�� �?��� )���

,��)
3�<�"
d±a*d±a�a±a�d±MOXX�/X<d±aXa±MOd±Mdd±Ma

XX�/X<


��. 
�
�)9�>/���(†OXQ±a&*a/*Oa±QaQ&dM±*MX&&�±&adXX�/X<M&M±MMQ*&R±QMa&R�±*dX&*M±*XdXX�/X<


��. ,�g$'CY)9�>/

���(‡&*�±*XR�d&±&aM�*&±&&*�XM±�RR
XX�/X<

*&a±**a�Oa±&aM�aO±&*O�**±&&a
XX�/X<

'CY ��< ,�g$'CY

)9�>/���(
*/**±*Q�/*Q±*M*/&a±&Rd/&d±*�QQ/XO/*O±*dO/*X±*QO/&�±&dR/&X±&dX&/X

v2^ 
�
�)9�>/���(d±QM±*��±Md±*M/Xa±*�X±M�X±QR±�XM/X

I=�> H����)9�>/���(*d±MMaX±MO*O±MMOO±dX*O/X&O±Qd&M±QQQR±aXMM±MaX&/X


)= ������ I=�>

)9�>/���(§
R±d�M±���O±�&�X±��XM/XM±Qa±M�M±�X�&±�XXX�/X<

=��
�)��3� $�
=

�7= �< 
)=)9�>/���(
Q/M&±*�*/RO±a&�/RQ±QddO±M*�/X&O±�**Q±&��Q±*Q*M±&Q*&/X

*
����3�<,��� 
6��
�±f�������
J�)	!�3.†
�
� U��=sn � �3�
�
��3‡,�g$'CY sn � 9�^ ,�g$'CY�§�3��  . � �>�CT3 �l�C;�" �e
Y�Y

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
25

-1
2-

18
 ]

 

                             5 / 11

https://ijem.sbmu.ac.ir/article-1-1778-en.html


��������	
��,��������� ��������� ���� ���	 
��� 
�� ���������� 
���� *�Q

I"�= #��� ��)J. 
)		" �J;�K� ��*dO #���� � ���*** 

�����< .#��� �	Y oY�!� M/a±X/Q*#���� � D�Y

�&±M/QQD�Y)�n IY� �< .�!��$ 8�3 ��� #�2� U���

IY� ,���!� ����� ��  Y l�Y� �< �?��� �;�65����> �< -

��$�-� �� �$�0/ ���� I��$�� }��5  $�.V�< �� ����� �" ��

 
$�% �<#��W }��5  $�.
��< �. )��)#���� :�*±X/Q*��

�<��< ��±QR�X*/XP= #��� �:�M±*O���<��< ��±QM�

XX�/X.(P< �$�T� 8
��.}��5 �� ����� #)< �b�!t� ��3

#���� �� �$�0/ :$?� #��� ��	J� ,���.I=�)� ���� .

��)< I
;�J�D��J� ��	C� �< �7
;�<�!� �� �-
4� �!�3 �� #�
<

)$��> �� ��}��5 �� #����	J� ,���. b�!t� ��3 ����

�I=�)� �	J� ,���.  $� #��� �� ��� ��< ���)��&X±OX& ��

�<��< O*d±aR& �XM/XP=(.D�)W l�Y� �<&�"#�'
�

}��5 �� �� �$�0/ ��3�
1!� �!��$�� �?��� �;�65 ��3

�� #�2�)3�}��5 �� �!��$�� �?��� ���$�-� �� V�< ��3

}��5 �<�3�� �$�0/ :$?�  
$�% �#���� )RX� ±��;�"��
"

&**� ���<��< �aa±&OaQ ;�"�PP�
"PPP���XX�/XP<(�

��PPPP#�)d�&±�RR* ��;�"��
" ���<��< OM�±&aaM 

��;�"��
" �XX�/XP<(:3 � ���< �!2
<  
	5 #���� ��

 )���}��5 �� �<�5 �� �!��$�� �?����?��� �V�< ��3 

��< �!2
<)M±&a���<��< M±X/&R�XX�/XP<(#��� �� �

)= 
)$� i�C.��  $� '
�)a±*X���<��< O±X/**�XX�/XP<(.

�� #��� � #���� �� ,��)
3�<�" �� �!��$�� �?��� )���

}��5 ��< �!T" �?��� �V�< ��3)#���� :d±a*���<��< 

d±MO�XX/XP= #��� �:d±aX���<��< d±Ma�XX�/XP< .( ��

}��5�?��� �V�< ��3�
�
� I��$��)#���� :OXQ±a&* ��

�<��< &&�±&ad �XX�/XP< #��� �:M&M±MMQ ���<��< 

&*M±*Xd �XX/X(P 
��. ,�g$'CY �)#���� :&*�±*XR ��

�<��< �XM±�RR �XX�/XP< #��� �:*&a±**a ���<��< 

�**±&&a �XX�/(P<I"�= ����� }��5 �< IC�� 
)		" ��3

?���  
$�%��< �!T" �.#��� �� 'CY ��< ,�g$'CY f���

}��5 �� 
��< �!T" �$�0/ :$?� �?��� �;�65 �V�< ��3

 IY�)O/*O±*d���<��< R/&X±&d�X&/XP= ( �K<��  $� ���

�	J� #���� ����C� ��� .�V�< }��5 �� �������?��� �;�65 


)= ������ I=�>!2
< �PPP  
$�% }��5 �< IC�� �� ��

��PP$�� �?�PPP�� I�����"PPP))�PP#��� :R±d��<��<P�

�X±���XM/XP= �� �PPPP#�:M±Q��<PPP<��PP��&±�X�

XX�/X.(P< D�)W ��*H�� I<�$� �K^ IC��&}��5 �� -

�$�0/ �?��� �;�65 ��3 IY� �!��> ���4 �Y��< ����.

D�)W*jH�� I<�$� �K^&}��5 ��� �$�0/ �?��� �;�65 ��3:$?� U" �

}��5�$�0/ ���� �;�65 ��3 
��)-�P

)���†

I<�$� �K^ �� #����*
�) 
$�% $�.(

R�/X<

&

)OM/XjR�/X(

*

)�&/�jOM/X(

Q) $�.V�<(

<�&/�

9�^ D)�XX/�║)XM/*jdM/X(M&/�)ad/�j*d/X(dR/X)�a/&jM�/X(XM/�dO/X

D)��‡XX/�)&X/*jdQ/X(MQ/�)R/�j*d/X(R&/X)*�/&jM�/X(XO/�RR/X

D)�&§XX/�)&X/*jdQ/X(MQ/�)dO/�j*d/X(R�/X)*�/&jQO/X(Xa/�R*/X

D)�*¶XX/�)&a/*jdM/X(MO/�)RQ/�j*d/X(R*/X)MM/&jM&/X(�a/�OR/X

#��� �� I<�$� �K^*

�) 
$�% $�.(

dd/X<

&

)OX/Xjdd/X(

*

)XQ/�jOX/X(

Q) $�.V�<(

<XQ/�

9�^ D)�XX/�)R*/�jQd/X(O&/X)O*/�jMX/X(OR/X)�M/*jRd/X(aa/�XO/X

D)��‡XX/�)O*/�jQR/X(Oa/X)XX/&jMX/X(XX/�)Ma/*jOQ/X(R*/�Xd/X

D)�&§XX/�)XM/&jM/X(X&/�)&R/&jMM/X(�&/�)aa/Qj��/�(&R/&X&/X

D)�*¶XX/�)X/&jQO/X(XX/�)�R/&jM*/X(XR/�)*R/QjXM/�(�M/&X*/X

*	4)#�^ ��!=�� ����� �$ ��'< �.���&a ��
� 9�> �� _�
� )� #�^ )	4 �$ � �!
;&�!(�Y �&XX≥��
�9�> �†v
!�g; #�
Y�>� �� 
���!Y� �<�‡���< 
)= U$)J.BMI #)
2" ��6
Y �)�
^ ���<(I
;�J� �

��)< )�� �!T" ��)< I
;�J� �$�)!<� }��5aXX D��J� �7
;�<�!� �� �-
4� ��  
< ��)< I
;�J� 9�� }��5 ��!�3*XXX jaXX D��J� �7
;�<�!� �� �!2
< ��)< I
;�J� 9�Y }��5 ��!�3 �� �-
4� ��*XXX D��J� 

�7
;�<�!� 
��� 9���5 }��5 ��!�3 �� �-
4� ���!�� IY� �� ��3(�I<�$� �>�����^ �-<�Y)�
^ ���<(�§���< 
)= U$)J.BMI #)
2" ��6
Y �)�
^ ���<(���)< I
;�J� )�� �!T" ��)< I
;�J� �$�)!<� }��5aXX 

D��J� �7
;�<�!�  
< ��)< I
;�J� 9�� }��5 ��!�3 �� �-
4� ��*XXX jaXX D��J� �7
;�<�!� �� �!2
< ��)< I
;�J� 9�Y }��5 ��!�3 �� �-
4� ��*XXX D��J� �7
;�<�!� 
��� 9���5 }��5 ��!�3 �� �-
4� �� -

�!�� IY� �� ��3(Y �I<�$� �>�����^ �-<�)�
^ ���<(�!��$�� U" �?��� ��¶���< 
)= U$)J.BMI #)
2" ��6
Y �)�
^ ���<(��)< I
;�J� �)�� �!T" ��)< I
;�J� �$�)!<� }��5aXX D��J� �7
;�<�!� �-
4� ��

  
< ��)< I
;�J� 9�� }��5 ��!�3 ��*XXX jaXX D��J� �7
;�<�!� 9�Y }��5 ��!�3 �� �-
4� �� �� �!2
< ��)< I
;�J�*XXX D��J� �7
;�<�!� 
��� 9���5 }��5 ��!�3 �� �-
4� ���!�� IY� �� ��3(�-<�Y �

I<�$� �>�����^)�
^ ���<(�!��$�� U" �<�5 ��║�K^ IC��)#�	
Tm� r$�qOM(%

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
25

-1
2-

18
 ]

 

                             6 / 11

https://ijem.sbmu.ac.ir/article-1-1778-en.html


*�M ��
 ����� ��� �  �!"# ��$� �$�
! %&�'() %
�*+,! %-./0 �1��.2 �3!��4��

I<�$� �K^ U���( ���< U$)J. �� )J< #��� � #���� ��

 ���TW ��BMI$� �>�����^ �-<�Y �� ��6
Y D�TJ!Y� �I<�

}��5 �� ��)< I
;�J� ���< �� �.���. b�!t� ��3I<�$� 

)2� 
)$�.#��� �� �� �!��$�� U" �?��� ���< U$)J. �� )J<

 9�. �<�5 I��$�� �$)U���( �< 
��(
)= �"� ��< i�<��

I<�$� �K^(�I<�$� �< �!<� �K^ ��?��� �;�65 Z$�'�� �<

 H��&�	J� ��m �<����� #�2� Z$�'�� ��)r
.�. �<:

&R/&=�K^ IC�� �X&/XP= ��M/&=��K^ IC��X*/XP=(�

���)2� 
)$� #���� �� �K<��  $� .�!��$�� �?��� ���< U$)J.

 �� ��

1. �!��$�� 9�. �<�5 �$ ��!��$ �3��7� ��g$�.

��< 

�!��$��3 
)�n IY� �< ���q�� Z3��% #�2� ��� 

f��� �< �$�0/ :$?� ���< U$)J. �� )J< V�< �?��� �;�65 

� YBMI���)< I
;�J� ���6
Y D�TJ!Y� ��!��$�� �?��� U"

 Z$�'�� �� I<�$� �K^ �#��� �� �!��$�� �<�5 U" �$ ���-

)3�)2� 
)3�2� #���� �� i�C.��  $� �" �.

�!��$ ��	C� �< ��3
)�n IY� �< ��_Y��< 8�3 b�!t�

 ��<�/ A���W �� oY�!�DED��)
=�� �" ����� ��� �3

�CY��� �)��= ���� �$�0/ :$?� �?��� �;�65OQ/X

��� �� 8�;�B��
B���)=�<&& #�'
�  $� �" �< ��)-� )	��T3

IY� �J;�K� �� 
)�n �q�� �IY� .�g�n �� �$�0/ :$?� �"

 )	!�3 s�5�% �" �<�/ A���W �$�0/ :$?� �< #��$� ��

�� ���  $� ����� I3�C= I�( )���.)	��T3 oY�!� #��<

 �$�0/ :$?� �?��� �;�65
)�n IY� �< �J;�K�  $� �� ��

�< ��$�-� )=�< �6$� ,�J;�K�.&* 

�Y��< �7	$� �< �W�. �< �;�65 ��� 
)= 9�g�� ��3

:$?� �� �)$)W ��7$�� ����� �� �$�0/ ���� �?��� ������

�CY��� S�� �IY�
��)��  $� ���< ����)��!Y� ���
>

���)� ��W�&& S�� ����< ���!t� ��3 �CY��� �;�65

�?��� :$?� �$�0/ ���	2
% 
)= IY�.&Q�&& ��J< 

Z3��% #��> 
���!Y� �� ��)
=���3���CY�����;�65 

�?��� �$�0/ :$?� �� ���	2
% 
��"G)�� ��J< �6$� �<  $� 

I�;�t� ���	2
% 
��T� )��.�a�&&�&Q ��> �`� �� �< �W�. �$ �  !

��)
=��  !��> �`� �� 9)(�CY��� �� �3 I
T3� �� ��;�" �

��)
=�� ��$� �IY� �����^�< ��W�. U<�4 � V�< :g� �3

 �;�65 ��)-� ��� U���(  $� �" �)���� ��!T" �?��� �;�65

�CY���IY� ��0>�[� 
)= .�J;�K� D�Y �� �" ��&XXM 

oY�.Ledikwe  !��$ ��`	� �< #���7T3 �S��  $�!�<

�CY���)= 9�g�� �$�0/ ���� �?��� �;�65 ��g
!�  $� �<

�" )�)
Y� IY� �!�< ��)
=���3�CY��� ����;�65 �?��� 

:$?� �$�0/ )���> f0� �CY��� ���;�65 �?��� :$?� 

�$�0/ o-� �< �$�%�"���^ ��)=�< �3 ��$� �"���^�3�<

rY�	� ,���9���� ��. �;�65 �?��� �:$? �$�0/ �� 

�� #�2�)	3�.&&���6$� 8�Y �CY��� �� �< �?��� �;�65 �

��)
=�� � �$�0/ ���� 9�T.  !��> �`� sn �� �
/ ��3

#�Yn � �.�)=�< IY� �< ��
� ���B�
��� 8�3 ����� �T$?�

I�
�&&�&Q #�Yn 9�T( :�� ���< ��� �.)=�<.���m ��

�C	W 9�T. ����� �T$?� ��3��!�� U��= �� �$�0/ :$?� ��3

����= ��3�0/ �� ��	. �� :;�Y �$�0/ :$?� v$  !=�� �

�� U��= '
� �� :$?� A$�� ��'W� �7�< )��W���=�a ���> �< -

�� �" ��Z3��% oY�. 
)= 9�g��Schulze #���7T3 �

��)
=�� f��� �" )= 
��� #�2� �< �g	�  $�
= ��3

�� �4�5 � I<�$� ���<���>.&M �� 
���!Y� ���� S��

�J;�K���)
=�� � �$�0/ ���� 9�T.  !��> �`� �� �q�� �-

IY� sn 'W �< �3.

�J;�K� �� �$�7$��� #V��>�'< �� 
)= 9�g�� �JK-� �

��� �� U-!�� ��!=��  
;���� Z$�'�� �< �$�0/ :$?� �;�65

�7$'
� I
;�J� � �T"�I=�� i�C.���& ��!��$ 8�3 �J;�K� �


)	$n �6�{���i 7T� �?��� �;�65 �" ��� #�2� #���7T3 �

�4�5 �� U-!�� �I<�$� ���< �K^ Z$�'�� �< IY��i�C.��

)=�< �!=�� .�" �J;�K�  $� ��)I"�= ��)J. #�>)		":&�O�O 

���(�d&M ���� �< � ��< 
��" S��'> �� I<�$� ���< ����

 )��� �3)D�?��
" (�'��Z$��DED &X%��� Z$�' �K^ �

��� #�2� �� I<�$� .�J;�K� �� ��� DED Z$�'�� �< V�<

 #�
� i�C.�� ��� I=�� i�C.�� ����� �� �?��� I��$��DED �

��!��$�� �?��� U" �� U-!�� I<�$� ���< �K^BMI ��)!<�


��< #���T
< #�� ,��

1. � �J;�K� IY�.�a �J;�K� �%��� �

2�PP� I<�$� �K^ �" ��� #�PH�&<��;�"��
" �3 ���� �/9�>

 �� Z$�'��DED��M%� Z$�'������< #�
� i�C.�� ��� )<�$

 H�� I<�$�&��$�0/ ���� �?��� �;�65 �f�^�< :g�

�	J� ��J;�K� �V�< ���T�IY� 
��C� ���.Q�J;�K� �� 9�g�� �

oY�. 
)={��� �CY��� S�� #���7T3 ��?��� �;�65 �


=��  !��> �`� �� �<��)< �3 �)$��> �CY��� sn 'W�a �

J;�K� ��PP��EPIC-interAct ��)
=���CY��� �� �3 �

)$��> f0� �$�0/ :$?� �?��� �;�65�)� ICh� i�C.�� ���

 
i -Wang 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
25

-1
2-

18
 ]

 

                             7 / 11

https://ijem.sbmu.ac.ir/article-1-1778-en.html


��������	
��,��������� ��������� ���� ���	 
��� 
�� ���������� 
���� *�a

I<�$� ���< � �$�0/ :$?� �?��� �;�65  
<��" �����

��)
=�� �CY��� �� S��'> �� )�)= ���� �?��� �;�65 �

��".Q�J;�K� �� �
)	$n D�Y �� 
)= 9�g�� �6�&XXM �"

)= 9�g�� #�� ���q� ����� #���� � #��� ����i�C.��

�	J� #�
� ����DED )2� I��$ I<�$� ���< �K^ �. $�

 I=�� �75�" f)3 I
JTW �J;�K� )���T� U" �3M&& ��� (�

D�!^� �< � #�� ���q� ����� ����� ��TW �� �K^ �% �����

 '"��> UT�.
�'�J;�K� ����)���< 
)=.&a�J;�K� ��6$� �

�?��� �;�65 #�
� i�C.��  !��$ ��`	� �< � #��$� �� �"

�0/ ��	C� �< ��$�0/ :$?� ��)
=�� �� ��C�4 ,V�!^� � ��3 P

�m�C.�� �
3 )= 9�g�� I<�$� ��TW �� �7
;�<�!� � �4��(

)���7� �)
% I<�$� � �$�0/ :$?� �?��� �;�65 #�
�. $�

��)
=�� �" ����� �!� �" ��" S��'> �J;�K� �� �3

�CY���  $� I��> ���4 �`� )� �$�0/ :$?� �?��� �;�65 �

��" I�� ��
�^ ,��� �< i�C.����	J� ��� ��

1. #n ����

��7� .���T���
> ���� ��J;�K�  $� �� 
���!Y� �6��$�T�

#�T�J� #� �����. ��< �U<�4 :
TJ. �< U" ���#����$� �!� �

#��� �����. �T�)=�<.&* ,��� �< �J;�K�  $� ���m ��

���T� � ��< 
)= ����m �JK-� �T" I
JTW �J;�K� ���� �

�� U��= �� ����� ��)=�:3#�� ���q� ����� �����  
	5

 �Y��<)�)= .D�Y ��&XXd '
� #���7T3 � ���"����

�J;�K�i�C.�� �. )���" ����m �JK-� �� �?��� �;�65 #�
�

�$�0/ :$?����)
=�� �� � �0/ ��	C� �< ��	. �"��< �3��

1!���3�
 )	<�
< �� #�^ )	4 ��TW �� v
;�<�!�GR $� ���

��< 
)= 9�g�� #��W � �/V #��� ��� �" �J;�K��i�C.��

�	J�I��
� #�^ )	4 �< �$�0/ :$?� �?��� �;�65 #�
� ���� .

�q�� Z3��% � i�C.���	J� � ICh  
< ���DED ���< �

�Y��< ���� I
JTW �� �� I<�$�I��$ .�!��$ ��3 IY� �<


)�n ��_��	B _Y��< �� #�2� �" )3�DED �" ����� V�<

 �!��$�� �<�5 �$ � U" ��;�" I��$�� � I<�$� �K^ U���( �<

�� I<�$� ���< �< �g	� )=�< 
)= U$)J. U"���>.�K<��  $�

�� �� ��	. �< U$)J. �� )J< �!� #���� �� � )= 
)3�2� #�

U" �!��$�� �<�5 �$ � �!��$�� ��;�" � �K^ U���(�

#�
� �m�C.��DED )2� 
)3�2� I<�$� ���< �.�� ���  $� -

�� #���� �!T" ��)J. I�( �< )���.C�J;�K� �� �#��� �< I�

)=�< �q�� .��W� 9)( �3 ���> i�C.��  
< �;�65 �?��� 

:$?� �$�0/ I<�$� ��� $�Z3��%���
� �< _Y��< 8�3 

���� �	
��  $� �� ��!2
<.&d �� i�C.�� ��W� 9)( U$V� ��

�� ��J;�K�  $�)=�< ���T� :" :g� )���. .���6$� 8�Y 

DED S��'>��^ ��	C� �< ��	. �" )$��> �CY��� ����� �3�


��� I��$�� �!T" �$ � �!2
< S��'> #�7�� �$�0/ ���^

���� ��W�.&R ,�4 i�-� �J;�K� �q�� 8
)	$n U��= �6�

U$)J. �#��< S�)t� ���< 3�>�:�� �� i�C.�� #�
� �;�65 

�?��� �$�0/ :$?� �H�� I<�$�&�:3 
	5 
���!Y� ��

ZY�% �����)���< �$�0/ �g	Y��C!(� 
)= ��)=�< .

,���.
)$� ��3 �� 
)=�!��$ Z3��% 8�3 8�3 b�!t� �<

����m ��$�0/ :$?� �;�65 ,���!� �<�$��� S�� I�(


)= U$)J. ��3��!"�� � H�� � ,�J;�K� �� b�!t� �

IY� ,�J;�K�.

�<l�Y� �!��$ ��3
)�n IY� �< ���q�� _Y��< �����

s�t!�� �.V�< �?��� �;�65 ���!=�� �� �T;�Y�� �$�0/ ��3 -

���> �< �)�� �� �'CY � 
�
� f��� �" �� �!T" �����  $�


)= ������ I=�> f��� � ��<�!2
< �
��<  $� �" �

�!��$�!��$ �< �� ���3_Y��< 8�3 �;�65 i�C.�� �" �6$�

 
$�% I
�
" �< �$�0/ :$?� �?���)���" S��'> �� :$?� �.�

:3 _���^ IY� �!=�� .:$?� r�/� V�< �?��� �;�65 �< ��3


��. ,�/ �V�< �$��-� ����� � H�C=� s�5 )
Y� �
)= �

� �'CY � 
�
� :" I��$�� � �7= �< 
)= )	$��� ��3�0/

)	!�3 ��)J� ���� �  
��!$� � �C
�.*� j&O�&*��*�Ql�Y� �<

S��'>Ledikwe  D�Y �� #���7T3 �&XXa :$?� �" ������

s�t!�� �� )	!=��  
$�% �?��� �;�65 �< �$�0/�$�0/ ��3 -

�!2
< �$�3�0/ #�= �01�'$� �`� �� �" ��<�	/ �3
��< �. -

)�� .� $����� #�2� �m�^ �; �< �$�0/ :$?� s�t!�� �" )	"

 :$?�  !=�� �� ���
% �< I$�)3 �� ����� �?��� �;�65 ��	C�

 �7$��� �$�0/ :$?� ��T	3�� ��	C� �< :;�Y �$�0/DGAi

��)	".*� �!��$ l�Y� �< ��3
)�n IY� �< ��Z3��%

�q�� ���V�< �?��� �;�65 �< �$�0/ :$?� �" ������

��< �.V�< �<�5 �� �!��$�� �?��� )���  
6��
� )	!=�� .

'
� �!2
%�J;�K�
)	$n ���� 
)= 9�g�� �6�*MORR #�

I<�$� ���< �K^ �< U" �<�5 �.V�< I��$�� �" ��� #�2�

���� i�C.��*& �_Y��< Z$�'�� ��6$�RO�K^ �)���

<�$���" S��'> �� �C
� :" � s�5�% :$?� �� ���
% �< I.�& 

)
Y�8�3 �KY�� �< H�C=� s�5 �K��� ,��[�s�� ���

D��Y  
;���� I
Y��� �3���
3���� �� �< �g	� )	���.

)���> I<�$� ���<.&:$?� ����� r�/� s�5�% �$�0/ ��3

 �^�=#�^ )	4 (Glycemic Index) GI � )	!�3 �$V�<

 
i - Dietary Guidelines for American 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
25

-1
2-

18
 ]

 

                             8 / 11

https://ijem.sbmu.ac.ir/article-1-1778-en.html


*�d ��
 ����� ��� �  �!"# ��$� �$�
! %&�'() %
�*+,! %-./0 �1��.2 �3!��4��

0/ :$?� �$��<GI �Y �� �0/ �� )J< #�^ )	4 V�<A$�.V�<

����< .�� ���  $��g
!� �� )���.  
;���� �< ��
� Z$�'�� �

���> l��7��% �>��Y�� �< �g	� �g
!� �� � )=�<.Q�*X 

f��� :$?���3 �$�0/ �< �;�65 �% �?��� 
$ �< I��$����3 

�.V�< ��3�0/ �	/ �� �01�'$��3�sn �$��I�� �!T" �<�5 

���)
=����3 �.�	<�" �,V�� �� 3nB6 �C�AI��$����3 

�.V�< :
��"  
��!$� �:
Y�!% 
��T3 IY�.*� $� ��_Y��< 

 
$�% �?��� �;�65 �� #��� ,�g$'CY �� ��!2
< f��� �.

)	!=�� �� 'CY ��< .�J;�K� �� 
)= 9�g�� v
.�T!�
Y �

D�Y&X�X f��� ��� #�2��M/���< ,�g$'CY {	$��Y

 �� I<�$� �K^ ��� D�m �� 'CY�Q%�� Z3�")3� .

�KY�� �< 'CY ��< ,�g$'CY �I
��� �V�< ��!��

�!�n ���)
�"� ��^ �� Z3�" �� �
.�)
�"� l�!Y�)	3� .��

�6$� 8�Y w�	�Y� ��TW �� ,�g$'CY U
C4  $���=�Y ��

.���"�!<PPP  
��!$� �  C��� �3 �" )	=�<#n �� �3

�!�n I
��^ )���� ���)
�"� .�� ��=�Y �$�0/ 
��>  $�

��%�� '
� U	�#n :$'
	� �V�< ��!�� � )=�< �K^ �� �3

�� ��
62
% I<�$�)	" .�< ����  $� r
"�. �g
!� ��

��
3�� �	
;���� I
Y���)���� i�C.�� �3.** 

��B���Y �?��� �;�65  
< i�C.�� �$�0/ :$?� I<�$� �

�H�&IY� 
)2� �!^�	= �<�^ �<.�a�*Q IY�  $� �< ���

:$?� �" �< �$�0/ ��3DED ,��� �< I<�$� ���< ��� V�<

�� �[� #)< �<�5 I��< Z$�'�� �< � :
-!���
/)���0>.Q

�� ���q� I��$�� �< �g	� V�< �?��� �;�65 �< ��3�0/

�� �?���?��� ��!�� �< IC�� ��$� )��=���^ T" :g� �

)���� .���6$� 8�Y �� �.0$0; D�65�% ��3�0/ �" )	=�<

�'�� �� �0/ I��$��Z$��)	3��rW�� �6$� ��	J� �<

/ ���^�%�
�� D�J� r
"�. �

1. � �4�5 �< �g	� �" )��=

�� #)<���>*a j*Q��a:�� U���( �� �����  $� ��� �3 �"

)	!�3 I<�$� �K^ .���6$� 8�Y :$?�% �$�0/ ��3 D�65�

�!2
< �� i�C.�� �� :;�Y�� ��3�0/ s�t!�� �< ��TW �� )=�<

�. ,�/ �V�< I��$�� � �'CY � 
�
� :" I��$����
�
)=

���� I=�>� $� ��^ �" 
)=  $�
= �$�0/ ���� � 
)=

�� I<�$� ���< :�� U$V� �� U���()	=�<.*� 

I$��)�� �� ��3�q�� Z3��%�#�)-� ���)��!Y� S��

. ��CY��� ���< 
)= )
$��$�0/ :$?� �?��� �;�65 �

_� )=�<.�a�&&�&Q �$01. �Y��<
��� u$ �m �� 8�� �����

I$��)�� �6$��$01. �Y��< �5�>� �IY� �J;�K�  $� ��3 -

I��$�� ��� ���� ��3 H�4� �� UC4 D�Y u$ �m �� �� �01�

�� #�2� I<�$�)3�.


$�% �;�65 �< �$�0/ :$?� �� ���
% oY�.  iWHO ���<

���T
< �� ��
62
% � �J��W I��Y ��C�<  �'� ��3

IY� 
)= �
��. �$�0/ :$?� �< i�<��.*d #n �< 
��(

:$?�Z
% �� �4�5 �K^ �?��� �V�< �;�65 �< ��3�� �	
< -

)		".�X����*� ��  
$�% �;�65 �< �$�0/ :$?� s�t!��  $��<�	<

�4 �W�. ���� )$�< #���� � #�����
> �� .

���q�� _Y��< #�
� i�C.��DED �K^ ����< 

I<�$� �K^ U���( ���< U$)J. �� )J< � #��� �� ��	. �I<�$�

)= 
)$� �!��$�� �<�5 �$ � �!��$�� U" �?��� �.#���� ��

 #�
� �m�C.��DED H�� I<�$� �K^ �&)��
� IY� �< .

�!��$ ��3U��� ��_Y��< 8�3  $� �� 
)= 9�g�� �	
��

�$�!� 	!�
��" S��'> �� ��4�)�� .�W�. �< �< U���(��$ 

�
)=  $� �<  !��$ IY� ���< ��!2
< ,�J;�K� ��
� :��

IY�.

���'6Y�LY:
)723��% 9�!��  
;�E�� �� 8#��� �)/ 9��( '$�

���< :�
;�<�!� ���. ����� '
� � ��m  $� ��
� ���� �W��<  


I"�= �J;�K�  $� �� 
)		" �� �����)4 � �72.��= .

References 
1. Bi Y, Wang T, Xu M, Xu Y, Li M, Lu J, et al. Advanced 

research on risk factors of type 2 diabetes. Diabetes 
Metab Res Rev 2012 ; 28 Suppl 2: S32-9.  

2. Thanopoulou AC, Karamanos BG, Angelico FV, Ass-
aad-Khalil SH, Barbato AF, Del Ben MP, et al. Dietary 
fat intake as risk factor for the development of diabetes 
multinational, multicenter study of the Mediterranean 
Group for the Study of Diabetes (MGSD). Diabetes Care 
2003; 26: 302-7. 

3. Haghdoost AA, Rezazadeh-Kermani M, Sadghirad B, 
Baradaran HR. Prevalence of type 2 diabetes in the Isl-
amic Republic of Iran: systematic review and meta-
analysis. East Mediterr Health J 2009; 15: 591-9. 

4. InterAct Consortium, van den Berg SW, van der A DL, 
Spijkerman AM, van Woudenbergh GJ, Tijhuis MJ, et 
al. The association between dietary energy density and 
type 2 diabetes in Europe: results from the EPIC-
InterAct Study. PloS One 2013; 8: e59947.  

5. Munoz-Pareja M, Guallar-Castillon P, Mesas AE, Lope-
z-Garcia E, Rodriguez-Artalejo F. Obesity-related eating 

i- World Health Organization 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
25

-1
2-

18
 ]

 

                             9 / 11

https://ijem.sbmu.ac.ir/article-1-1778-en.html


��������	
��,��������� � ��� ����� ���� ���	 
��� 
�� ���������� 
���� *�R

behaviors are associated with higher food energy density 
and higher consumption of sugary and alcoholic beve-
rages: a cross-sectional study. PloS One 2013; 8: 
e77137.  

6. Kant AK, Graubard BI. Energy density of diets reported 
by American adults: association with food group intake, 
nutrient intake, and body weight. Int J Obes (Lond) 
2005; 29: 950-6. 

7. Ello-Martin JA, Ledikwe JH, Rolls BJ. The influence of 
food portion size and energy density on energy intake: 
implications for weight management. Am J Clin Nutr 
2005; 82(1 Suppl): S236-41.  

8. Murakami K, Sasaki S, Takahashi Y, Uenishi K; Japan 
Dietetic Students' Study for Nutrition and Biomarkers 
Group. Dietary energy density is associated with body 
mass index and waist circumference, but not with other 
metabolic risk factors, in free-living young Japanese 
women. Nutrition 2007; 23: 798-806. 

9. Helmrich SP, Ragland DR, Leung RW, Paffenbarger RS 
Jr. Physical activity and reduced occurrence of non-
insulin-dependent diabetes mellitus. N Engl J Med 1991; 
325: 147-52.  

10. Du H, van der A DL, Ginder V, Jebb SA, Forouhi NG, 
Wareham NJ, et al. Dietary energy density in relation to 
subsequent changes of weight and waist circumference 
in European men and women. PloS One 2009; 4: e5339. 

11. Savage JS, Marini M, Birch LL. Dietary energy density 
predicts women's weight change over 6 y. Am J Clin 
Nutr 2008; 88: 677-84. 

12. Mendoza JA, Drewnowski A, Christakis DA. Dietary 
energy density is associated with obesity and the meta-
bolic syndrome in U.S. adults. Diabetes care  2007; 30: 
974-9. 

13. Bes-Rastrollo M, van Dam RM, Martinez-Gonzalez 
MA, Li TY, Sampson LL, Hu FB. Prospective study of 
dietary energy density and weight gain in women. Am J 
Clin Nutr 2008; 88: 769-77.  

14. Caprio S. Development of type 2 diabetes mellitus in the 
obese adolescent: a growing challenge. Endocr Pract  
2012; 18: 791-5.  

15. Murakami K, Sasaki S, Takahashi Y, Uenishi K. Dietary 
energy density is associated with body mass index and 
waist circumference, but not with other metabolic risk 
factors, in free-living young Japanese women. Nutrition 
2007; 23: 798-806. 

16. Wang J, Luben R, Khaw KT, Bingham S, Wareham NJ, 
Forouhi NG. Dietary energy density predicts the risk of 
incident type 2 diabetes: the European Prospective Inv-
estigation of Cancer (EPIC)-Norfolk Study. Diabetes 
care 2008; 31: 2120-5.  

17. Azizi F, Rahmani M, Emami H, Mirmiran P, Hajopour 
R. Introducing objectives, procedure and structure of 
Tehran Lipid and Glucose Study (TLGS). IJEM 2000; 2: 
77-86 

18. Genuth S, Alberti K, Bennett P, Buse J, Defronzo R, Ka-
hn R, et al. Follow-up report on the diagnosis of diabetes 
mellitus. Diabetes Care 2003; 26: 3160-7. 

19. Mirmiran P, Hosseini Esfahani F, Mehrabi Y, Hedayati 
M, Azizi F. Reliability and relative validity of an FFQ 
for nutrients in the Tehran Lipid and Glucose Study. 
Public Health Nutr  2010;13: 654-62.   

20. Momenan AA, Delshad M, Sarbazi N, Rezai-ghaleh N, 
Ghanbarian A, Azizi F. Reliability and validity of modi-
fiable activity questionnair (MAQ) in an iranian urban 
adult population. Arch Iran Med 2012; 15: 279-82.  

21. Pang D. A relative power table for nested matched case-
control studies. Occup Environ Med 1999; 56: 67-9. 

22. Ledikwe JH, Blanck HM, Khan LK, Serdula MK, Se-
ymour JD,Tohill BC, et al. Dietary energy density det-
ermined by eight calculation methods in a nationally 
representative United States population. J Nutr 2005; 
135: 273-8.  

23. Khayatzadeh SS, Saneei P, Khosravi Boroujeni H, Aza
dbakht L, Esmaillzadeh A. Consumption of Energy-
Dense Diets in Relation to Cardiometabolic Abnor-
malities among Tehranian Women. Scientific Journal of 
Hamadan University of Medical Sciences 2013; 20: 28-
48. 

24. Cox DN, Mela DJ. Determination of energy density of 
freely selected diets: methodological issues and implic-
ations. Int J Obes Relat Metab Disord 2000; 24: 49-54.  

25. Schulze MB, Manson JE, Ludwig DS, Colditz GA, 
Stampfer MJ, Willett WC, et al. Sugar-sweetened beve-
rages, weight gain, and incidence of type 2 diabetes in 
young and middle-aged women. JAMA 2004; 292: 927-
34. 

26. Lindstrom J, Peltonen M, Eriksson JG, Louheranta A, 
Fogelholm M, Uusitupa M, et al. High-fibre, low-fat diet 
predicts long-term weight loss and decreased type 2 
diabetes risk: the Finnish Diabetes Prevention Study. 
Diabetologia 2006; 49: 912-20.  

27. Lissner L, Heitmann BL, Bengtsson C. Population stud-
ies of diet and obesity. Br J Nutr 2000; 83 Suppl 1: S21-
4.  

28. Kipnis V, Midthune D, Freedman L, Bingham S, Day 
NE, Riboli E, et al. Bias in dietary-report instruments 
and its implications for nutritional epidemiology. Public 
Health Nutr 2002; 5: 915-23.  

29. Malik VS, Schulze MB, Hu FB. Intake of sugar-swee-
tened beverages and weight gain: a systematic review. 
Am J Clin Nutr 2006; 84: 274-88.  

30. Hosseinpour-Niazi S, Sohrab G, Asghari G, Mirmiran P, 
Moslehi N, Azizi F. Dietary glycemic index, glycemic 
load, and cardiovascular disease risk factors: Tehran 
Lipid and Glucose Study. Arch Iran Med  2013; 16: 401-
7.  

31. Ledikwe JH, Blanck HM, Khan LK, Serdula MK, 
Seymour JD, Tohill BC, et al. Low-energy-density diets 
are associated with high diet quality in adults in the 
United States. J Am Diet Assoc 2006; 106: 1172-80.  

32. Meyer KA, Kushi LH, Jacobs DR Jr, Folsom AR. Die-
tary fat and incidence of type 2 diabetes in older Iowa 
women. Diabetes Care 2001; 24: 1528-35.  

33. Carter P, Gray LJ, Troughton J, Khunti K, Davies MJ. 
Fruit and vegetable intake and incidence of type 2 
diabetes mellitus: systematic review and meta-analysis. 
BMJ 2010; 341: c4229.  

34. Yao M, Roberts SB. Dietary energy density and weight 
regulation. Nutr Rev  2001; 59: 247-58.  

35. Johnson L, Mander AP, Jones LR, Emmett PM, Jebb 
SA. A prospective analysis of dietary energy density at 
age 5 and 7 years and fatness at 9 years among UK chi
ldren. Int J Obes (Lond) 2008; 32: 586-93.  

36. McCaffrey TA, Rennie KL, Kerr MA, Wallace JM, 
Hannon-Fletcher MP, Coward WA, et al. Energy density 
of the diet and change in body fatness from childhood to 
adolescence; is there a relation? Am J Clin Nutr 2008; 
87: 1230-7.  

37. WHO J, Consultation FE. Diet, nutrition and the preve
ntion of chronic diseases: World Health Organization 
Geneva; 1990. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
25

-1
2-

18
 ]

 

                            10 / 11

https://ijem.sbmu.ac.ir/article-1-1778-en.html


Vol 16 No.5 December, 2014 January,2015 Iranian Journal of Endocrinology and Metabolism / 384

Original Article 

The Association between Dietary Energy Density and the Risk 
of Type 2 Diabetes: Tehran Lipid and Glucose Study 

Hosseini-Esfahani F1, Fallah-Nowroozi-Nejad E1, Moslehi N1, Mirmiran P1,2, Azizi F3

1Nutrition and Endocrine Research Center, Obesity Research Center, Research Institute for Endocrine Sciences, 
2Department of Clinical Nutrition and Dietetics, Faculty of Nutrition Science and Food Technology, National Nutrition 

and Food Technology Research Institute, & 3Endocrine Research Center, Research Institute for Endocrine 
Sciences, Shahid Beheshti University of Medical Sciences, Tehran, I.R. Iran 

 
e-mail: mirmiran@endocrine.ac.ir 

 
Received: 06/08/2014  Accepted: 05/11/2014 

Abstract 
Introduction: Dietary energy-dense foods predispose to obesity and may be associated with risk 

of type 2 diabetes; therefore, the aim of our study was to investigate the association between 
dietary energy density (DED) and the risk of type 2 diabetes. Materials and Methods: In this 
matched nested case-control study, 178 new onset cases of diabetes were selected from among 
participants of the Tehran Lipid and Glucose Study, and followed for over 9 years. Each case was 
randomly matched with 3 controls from among participants who had not developed diabetes. 
Dietary intakes were determined using a valid and reliable food frequency questionnaire. DED was 
calculated as energy intakes (kcal) from foods and beverages divided by the weight (grams) of 
foods. Results: The mean ages of participants were 43±6.5 and 44.5±12 years, in women and men 
respectively. Individuals with higher DED had higher calories, total fat, carbohydrate and 
processed meat intakes and lower fruit and vegetable intakes in men and women (P<0.05). Energy 
density was positively associated with incident diabetes in women, after adjustment for diabetes 
risk factors and total calorie intake (OR: 2.28, P trend=0.02) or total fat intake (OR: 2.15, P 
trend=0.03), an association which was not significant in men. Conclusion: In this nested case-
control study, there was positive association between DED and risk of type 2 diabetes in women.  
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